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(57) Abstract: A magnetic memory device in which information is written stably by reducing the loss of the magnetic field induced 
by the current flowing through a write line, a magnetic memory cell incorporated in the magnetic memory device, and a method for 
easily manufacturing such a magnetic memory device are disclosed. The magnetic memory cell comprises multilayer bodies and an 
annular magnetic layer. Each multilayer body includes a magnetosensitive layer in which the direction of magnetization varies with 
the external magnetic field. In the multilayer body, current flows perpendicularly to the multilayer surface. The annular magnetic 
layer is disposed between a first multilayer body and a second multilayer body. The axis of the annular magnetic layer is parallel to 
the multilayer surface. Conductive wires are passed through the annular magnetic layer along the axis. Degradation of the strength 
of the reflux magnetic field generated in the annular magnetic layer can be suppressed. Consequently, the magnetization reversal of 
the magnetosensitive layers of the first and second multilayer bodies can be effected by a less write current. 
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mmm 

tbT, DRAM (Dynamic Random Access Memory) ^SRAM (StaticRA 

<d m m afi 3t < # j6 £ n x v . 

fcMM 7 >&2± T 9 -feX ;* ^6 U (KT» M R AM ; Magnetic random access 
memory ) it|^nT^5, MRAMtti, 2 O I* S SB 
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&&miTZ>Z.i2\Z&^"tft "3. ^©cfcd&ll&TiRrfrf MRAMT 

Ifi^iftSnTViSMRAM^, g*»Si;Jft#t (GMR ; Giant magneto- 
resistive ) 2&**5pJfl§b;fc'&©T»*. GMR3&j££te, 2^<E>*«Jl£=&Ji 

IfcMRAM (£AT> GMR-MRAMti2t, ) tUtt, flJ^te^fcH^ffS 
5 3 4 3 4 2 2^93HI»fcBB*;Snfc8«#fcSnTV>*. 

GMR-MRAMCH, ftttftgg (MX fcT > K)V 7M ; Pseudo spin 
valve SO Si/H7Xi ( X If > A*^ :/ ; spin valve M) £&&Z>o U 

ftohW&Zo GMR$m mX\% r-^y^;i/^^^ (NiFe) 

/m (Cu) /un)Vh (Co) j 0M^tt5i^> -toisstseft;***, 6 

~8%tSO/h$5:iT*§ 0 ^i/H77M0MRAMtt, GMRif 

^^©"e^^o 0iJ;*Lfe£, GMRlfWi^S: re&^>#> (PtMn) /nA 
;H>$c (CoFe) /m (Cu) /CoFej t b fc*-&©JS#tSHb#tol: 1 0% 

x 5$s (6] ± * B^-r s \z # t? * o ^ o 

un50jS*)S?fttS&»C. h >*;HK&ift£E3&* (TMR : Tunneling 
magneto-resistive) £rf»Jfl§ L&TMR$f t§MR AM (KT< TMR- 
MRAMtSt. ) *««36*nT^*. TMRMIt «»©»»» ( h >*)V 
A U T B ) £ J*/u fc* 2 -D CD tttttt H HQ £ *5 Vf £ m<tJ5 ft ©ffi^f A §L fc i 0 
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&\zm±£te%o TMR-MRAMTlt TMR$m 0fl*.« rCoFe/7 
jV5^iM/CoFej J6^WU0%@^tJl 
<, jgMfc^f ^fc!&MO S F E Tf Of t#f/H X tft^tfc 

M&O'? >ififi^L £<£>fcifc> GMR-MRAMtlttUT, <£ 0 

MR-MRAMTH «ailc««ft*i"2:ifc«kD*fe*r«*«t«*K:J:D, T 

MR^0iti©i^§0rS©*l«ll^ft^t5Cti:j;DiiSSB1lt 

fcfc, TMR-MRAMtHim *BTO5 6 2 9 9 2 2^W«Hfll**Vi 

«#p§¥9 - 91949 ^iiiissnfcSf^^aent^^. 

MRAM e fcD'fc^fctl^'fb : &B^i" ; 5^<t^-e€^>. ba*b&#s&» JbtBOJ^te 
4 0 %8S©jSTOb$^*tTMR$fSffl^fcMRAMTS^T%, ffl^m 

Fil06^b, y h «S 1 0 5 #it3SLT$5 D , *©it 

«^©z*-ift-fc**-n*««ictis i 102, h >^;mijti i o 3 $> 

«fct>f»2«ttJl 1 0 4^e>J5:^TMR^ : ?l 2 0 *tgB^3 ftTV>*. £<Z>£5&, 
#fct!y h»l 0 5 tflHk?— H*l 0 6 iiiW^^'f ^OMRAMtH 

£fc> TMR^mSfiJfflUfcMRAMTfri^ iS3£g5R2 *lfc9Mft*»[ft**»i 
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-T^t)^> TMR^Tt^^-5«-flS14JB07X^^ hit (J**/ SHU! l*i:frft© 
569! ©Si* 

« & &. n i &'J> vi mm ^ ^ u x a* -f x a <£ *>* * n £ $tt $ n £ anciBit-t 
;v*ftftt5Jiti:*4. |g3©Bft)«> -^©ai^Jast^lJft^ftffiv^iit" 

e»^fei#tc, *n-?n©«H*a9iaw3&^*«Wfc:^a5UT^±K:iROii*» 
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©Tfe-So 

^»©5R^Kl«»*i«rc:i:K*oTH«»*«^Sn*©*C, £ 1 * «fc # * 2 

#5^©«»**U7*/w *©«£#$*«. tciiota 
6n&s#©±i:> »2©«jB#©-«*fcT#2©»ji«3'&«Mfcu i2® 
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ii^, mi<Dm&m£*m&^y^>#vTn*-~><y?z>z\£\z£r)^ % 
iit, t©iR««ttJi©±©, &2<Dmmmzttmirz>tiLmzmi ommmft 

»*«SB2©»IWII&^T?SViK5PfTJ ttt, Sli£±©mM$Bffl±l 0° 

*5S9i©«5!tfB*-fe;U*«kT/lKa^ : &U5 s /t-rX7?tt, Sgl©«S#J^ 3t# 
Ittlt^fcll©!^^^^^^^ i2©W^ XttttttJI£ 
*k:IB2©a^#i«i** ; ?**^bTVi<&c:t*«SI*bVi. £ftfc<fc !K IS« 

attjBs^flsbfc-^oa^iatftja**^***^^*!*©*??, 1 

mix i ^©st#«tt»*H: Dfet^^-xfbsssut^ts. 

ffitimmmftz&w&'&M^t.mnz&jiztez. 
*»W©i»»«Bl*-fe;i/*«k^««^ : eUxA'f x-ett, *ii&©i!iSS 
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T, SIS l & .fctfSB 2 ©«UB#fc^W-S«-iSM©«fl:*I^^S^CR¥ff &I^I< 

5 fc^fbu sb i *5«t^m 2 ©*«#fctff«39J»**n* J: 5 fc-r* - t*«a 

*V>tt*8Kffi^*JBEfcK:<fcS THighJ , TLowJ 2 fitW 

©#i*HcBfrfcbte#a«se i ©^sits¥ff *3^i"^2 ©^i^Kia-fb-r** i ©^ 
mt, — »©j*»ji©— *)WiiS2©*iftte»flsb«*jo«*i©^iftfc«ftT*Ji 

2©^Si, ©V>mfr£i:0» S&lfc<fctfSB2©tKffifc;»J&bT£143.ktf»2 

©ajB'»K:«a*«83**n*j:"5»c-r*Jit3fl«a*^^. £©££> sgi&^tf 
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Jtn j emz^\zmm.mz&mi&&'?z>&v nM^nfci 1 &£tfig2 omm^ 
fecfcv^ 1 o«Wi:-*t©i2 ©M^tcf^i:, iin 

n5J;5l:bTfeiK c©*-^ fill <DM&mtf%i2<DM&m&V %*L%tziU 
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#©#*fc«mm«59««iftan, c©— »©*^«»*©J£#fc* , 2v»T*«iB 
m^ti^ttai^^n^©!?, =&^©^i©^tbiH^^-r§$i : ^ j ^, a^jsirc^im 

mmo&nmm®±\z&wz> ©» i ©kuu^s tin i 2 ©«»#£ 
©Wte^n^niKW snfc* 1 2 ©seae*^ & 1 2 ©«s 

ff*i«nfcttffi*»*««l^t»<»2©«sm»tSfltATViSC:i:3&«»*bVi. 
#5893© r^fff^j ttt, ««E*-*lRl©*lcaiflS"ti:» 5»#61©*»E©j1 

_LS2©itMi&±T, (»2©ttm*fiB) O^fclft^'JiSfc^*** 

tii^stutv^. ^©SEd!E^^j:t), ww»«i©«-«»«att-fe;p^^i 
a^t, *a©ig2 ©ttm»fc»«*nTVi*ffi©«»fB*-fe^^e.©««[©iii 

sn, n*j;^2 ©sgdfess^ <tfg i *s«ktfsg 2 o«i#i:^*n^n«a«i 
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mi oah*a»*i ob@(i m8m\z*vfrm&ffij&iz&vtz>&ftt&*m 

mi ihh mi HteTRbfca^^^u^/t-r^oiijfi^fc*^*— xs* 

mi 2H«, mi im\zffi<-j:n*$i"rft±wimm'z&2>. 
mi 3@it mi 2BK:ia<— xg&arrtt^SrMH-e**. 

11 4Stt mi 3BKJ«<— XS&*-rtt:*:»riiHT**, 

ii5@n mi 4BKgK-xg£ii-r&*ifr®EiT&5. 

mi 6 0«\ mi 5 HKJR<— Xg&^ftt^KMHT?**. 

117ilt mi 6Hfc!tt<— XSSSTttlfcSfMT**. 

mi 8 0S, mi 7HKUR<-Xg**-r*fe*WriiiHT**. 

mi9S«> m 1 8 HK11R<— Xg**T*6^:»f1SHT*S. 

m20mu, »l 9Bfcl*<— Xg&*Tife*»riiiHT!<&*. 

^2 ma, jg2 oh^ji*<— xg**-rit^:»fi5Bn?*s. 

m2 2gltt, »2 1 Hfctt<— XS&5&*rifc*WffiBT?fc*. 

12 2Hfcj»<— Xg**-Tlt^:Wf®H*t?**. 

^2 4i«, 12 3 Hfc«<— xg**-rjt*»f®Bn?**. 
^2 5 0«, m2 4m\zm<— xn*i&~?&i:mmmx»&z>. 
m2 6gi«, &2 5BKiiift<— xg&«T&:*:WMiiei*e&5. 

^2 7@ft 12 6 Hfc«<— xg&**r*kfc»f®Bi*T?*a. 

12 8iit 12 7 StCM<-XgSr^-r*£^WMI2!T^^, 

i2 9B(t m2 8 mizm<-j:n&%:-t&J:mmm-v$>%>o 

m3 i mn> *5sw©*2 o^ciicisi^^^ u f/H xi^ttsi 
^len-tr ;p © if ® m t? * s o 

133 Bte, 131 Blfc^bfcaiR^^U^A^^^BBift-fe^Sfc^lt^Sa 
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fg3 4Btt* S3 3HK:*Ufc8B«-fe;KD XXXIV -XXXIV »fcffio&«l»r® 

© Mi& * 7*-? m t & ^ o 

S3 5 A0&<£t£S3 5 BHIt S3 1 BfcncLlfcflBtt'feJl'OIKmttJftfc&tt 
S3 6 AHI43J;tfS3 #$g§l3©S& 3 $3£tfSB 4 

S 3 7 A^&itfS 3 7B0H #5B9i©# 1 33 £tfS 2 ©^Jfc©»«fc:«* 

iM^t'Jf/Hxi^w^wj 2) ©sa5*jfc*£?-*r®HT? 

S3 8 A0*3<fct*S3 8 Bglte* 2M89i©fS 3 & «fctf&4 ©^Jfc©JB«Bte«* 
lI^t'Jf/HXl:*^^^ («#I3, 4) ©g««fifc*«-»r®iaT? 

53 9A@*,fc^3 9 Bgllt *^BJ©S3^3j;tKS4©^M©^^f'^^ 

U5VM*te*5W-*te©£JB09 (»«5, 6) OSMSttlfl 

54 0Ai^ck^4 OB0tt> #3&8!©S:L:feJ;tf8 2©*Jfc©J£JBfc«*' 

i^^^UT/Hxi^tnffiowj (wm, 8) ©s««fife&si*r«ff® 

S4 2Htt» S4 1 HfcwbfcSESt^WSE^Jfc^VtftWfMP^S^t-a^ 
S4 3 S4 lHJCj^bfcfiEWSI^WSE^MKl^^a^©!!!**^** 

S4 5@«, S4 4Bfc^bfc«E^*^©te©£JBWfc&ttS£#©BB#*J£ 

^4 6itt, ss m^^bfeiui^^^fci^jtx-r^itf^^jt ut©[hiss^^^^ 
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Sg4 7 m\Z, 13 8 AHfcitff&S 8 BHK*b;fc|H|g&l&j£fc^J&T*ffll&* 

[liomoil] 

l^t'Jf/HXft 7FI/X;Vy77 5 1 i> r-^y77 5 2t, 
|||||ni?y^«5 3fc, BB«t"fe;W*5 4 ft 1 ©K»WfPia*« 5 6 t , fg 2 
(DgK»Jtd||Hll&g|$5 8 <h, ^§157 F l/X ATJ^ A 0 ~ A 2 0 - ? 

0 ~D 7 t&ffi%.X^Z>o 

5. ) s«r*.fciBtt-fe;n*«» sv^it^r&y- F^ft (x^ft) *5£tft* 

V Mft^fa (Y7j|pJ) fc#«C* EaiSttfe"? h 'J yi7 7>ffi&*GVT\,*%>. fBtt 

» 1 ©IK»rfMlEl8&8l$5 6 tt, Y^lRHC&ttST h'l/^f^-^lHlKS 6 A, 
t>X7>»5 6 B43£tf;*J l-> h H7«f ^ HISS 5 6 CSr^Tb, ^2©I1 
-$!WIII&ffi5 8 te, X77lR]{C*3frt^T F UXxH-^lHlK 5 8 A, 5£S$StHIS& 5 

7h'^f3-^iK5 6A, 5 8 Ate, A* $n&7 F WXffi-JffclJi&Cfc^ 
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Hi©7 - Ht3- H*7 2*5«ktfliv h^n- K&H7 1 

HJg&T&O, fcl^h H5-f ^19*5 6 C, 5 8 C «^&»)fe£fT'5 l&fc:i&l!J*r 
£|US& , ^?&3o 
-fe T > :7°II!ii£ 5 6 B ttB»-fe;l/»5 4iH ttm»f^OIRK:-fe>^«»E*« 

«n**»«tJy h^n— h»7 i («m> t ±0 tanks nrw*. h«ki, 

«8c©7-H5*3-H«7 2 (mm) CioTMSnt^S. 

7HI/X;^7 7 5 ltt, ^SB7 Hl/XA^SfA0~A2 OSf^Si:*!:, 
Y75ft7 F^i5 7, X^IrJT h* 1/7^5 5 tkft bTH 1 ©l&IfrflsiJISf 5 
6 |*I<£>Y7j|f<]7 H 1/Xf3- ^I3K 5 6 A, % 2 ©l&l&OT HIBSSB 5 8 1*1© X7j 
ft7 1*^^^3 — ^1386 5 8 AKSMSStlTV**. £©7 H^;ty7 7 5 1 \%, 
nmfrZOT l«WfifS^»7 Hl/^AMf A0-A2 '0*>SJfcD&*, P*3 
«fc«Afc;ty7T*i*» (H**1*) fc«fcD Y7j|*]7 Kl/Xf3-» 5 6 

a, x^ftr h i/x^n-^mi^ 5 8 Biz^x^t^^m&u^oi^xmu 

*2-D\ZftV, YjjfoT FUXm5 7 ZfthXY^faT F kXx3-^iag§ 5 6 
Afctti#TS£#fc» X7jIrJT HWXi^5 5 £tf-LTX7jF*l7 h* I/X^-^IH 

5»-^^y7T 5 2«, Xtin^yr 5 2A*±tffflAAy7 7 5 2 BtC^-o 
Ttt&SfU fl-SBx-^^D 0~D 7 S«**£#fclfl»n^y 3 tig 

K3*lT:feD» IWWD^y^aRS 3*>&©ffi7Jft!l»fiHt5 3AC«koTft^t5 
£5 td&oT^S. A7jAy77 5 2Att, Y7jft:fe <£tfX7J ftS^ffl^-^ A* 
761, 6 0 *^UT*n*n» 1 ©&!t&ffi!WlII&gB5 6 F^©Y7jl6]7Jk> h F 

9< ymi^5 6 c, w,2(DUWiunmm^^ 8i*j©x7j[6j7Ji/>h p^-tymm 
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o~d 7 (Dmnn^^jhhj-^. nn>nyy rmm^ mm^-f) \z 

OT^lSKjiffix-^A^ 6 1 &^bTX^TfR]*l/> h H^-f ^@IS5 8 C, Y 

^t^^i/>h h*7-r :/iai&5 6 cfceai"r*«fc5c«fli*r*. taa/xy^r 5 2 
t&o> mmt)ms 4\zmmzntzmm^*m&m~rmzfe, ftmzmz.it 

•r*.* state**-*. 

&t?y hiH5*tiSi^^tY^ieat»oTM«EbTViS. »3i'7- H*6 fcfcW* 
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i^T?, TMR*Tla*«ktfTMR*f lblW, #fgBJ3© ("-^©i&^Ci&fft^ 

018 5 8 C, Y^fpJ^7l/>h H^-T ^0gS5 6 Cd^©iS«WJ:5 fC&o 

&«En**ift©:#fc!&^#£ bT+X^I^J OK II tt^ut^ISL 
Jl5t*utfc«J:D, TMRlfla, 1 b ^m^'t £^&tf y h«l 5 

£©¥fr8B# 1 0 KlffiBSftXViS. ffilft-fe^ 1 SMt5-^©TMR$' 
f la, lblt ^-n^nill &^tT«J§# S20 ( S 2 0 a , S20b) £ 

V> T S t£— & b fc&g fc IS W £ tlT V> 3 Z ^ ft * <r>T ^ © : £ : S"*3" 
&»&»7--Ftt6©PiiBfc«, ■€-n j Pn«i&'7--F»3lttJ*«4 
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«4&m>TV>-5. »ii«7-H»6, «iitf y h*5*±tfllttt*ttJ14tt» 16 
:in5-^Oai^2 0a, 2 0b§ttf-»^lI# : S2 0a-, S2 0bH 

^ti-fni«i3 6a, 3 6b (^tB) ti^wi:jgi$nt^-5 0 -^©^m 

136a, 3 6 btt-^©->3 y h t- H 5 a, 7 5b (^ffl) © — 

Y^fiUCKfiETStttfilfy hi^3 3 a, 3 3b (IH^-fr-f) i:gi$ntVi|>, 

SVMcSIMli^lRir* «t"5 fcgEBSnfc^JUfcS 20a,S20bt, 
Sil^S 2 0a £5|gJf ffcS 20b *8»® \Zft^ fc^lRl^W^lRj 5 

S. «Ji#S 2 0 att,- iWttS4t^l:TMRff 1 a&»j£U mmfcS 
2 0bfi, Mttl4 t*}:TMRif 1 b SWIT^S, IBftJHPt 

fltSfFS 2 0a £®J1#S 2 0 b £*a«it»©:£|SG-KfcV>TSV>fc»D'&'3 J: 

5»csa9ttsnTVi4. ii#s 2 0 a^*5iwt*^i> r^ioai 

#j \zttfo-?z>— mftmx&K). -j5v>$kmws 2 0 bw*mw\z&ttz r^2 

14bi, ^jzg-r&-2*tf>Sg2i&ttB8 a, 8 b <h K: J; o T$ij&£n, 
ttffi&14a, 14bt-»OJS2lttl8a, 8 b itt*n*nSV^«fttt 
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8 b#*38«c«»* r£§ 2 <z>{|5J&gB#j lc#*fi:-r*— 

«®# S20a, S20bH ^n^tlWaWft 2 0a, 20b £ jg$Gg&# 1 
4a, 1 4 b ttaoTM^tlTV^. 8M*«ttJB 4 (SlMl4a. 14 
b) (DMfrbMtZ, $2ttH£je8a, 8bi, h >*;WtU 7M 3 a , 3bt, 

fiBMb^fixaBJtSftfcSe lfiBteJi 2 a, 2bts^^, ^ssic^it&^ftfcm 

««ttl4 0-J*©»««»14a, 14biit>KiIiibT»ffitS. - 

jit, h>^;w^U7Ji3 3ftt*«WJc*^* r#MBttJij fc#jst*-*#W"P 

&*3* ^5@T?tt, i!*S2 0a, S 2 0 b 
«H#:S 2 0 a, S 2 0 b ©Tfffi*«H«fc 0 %>ffl^«llC^:*< W9RbT«bTVi 

iMS2 0a, S20bH illttf2a, 2 b 2 ^'I4JS 8 a , 8b 
£©MlC*ViT«»®fcSff#fa©«ffi*WinfS£» Pl^^littl2 a, 
2b<Di^h>W*'J713a, 3 b ^fi^2Htl 8 a, 8 b!:' 

;i/A*'J 7Jf 3 a, 3 b <h<Z>#MgB#K*5tt£lf§ IMS 2 a, 2b©7tf>tl 

2sstt®8a, 8 b©*fcr>£©ffi#Wfca£K:«k'3Tgffe-r*. -rfcfr-s* » 

imi4«2a, 2b®7H><!:i2i1tl8a, 8 b If >£#S^te¥frfc 

ran 

(MR it) =dR/R 

C r d R J *t!>#2V>fc¥frc&*»'&£S¥fT*Ci& 

j^>J713a, 3b©lJITl:SI<t#t5, K^^MiRtfi, tiEI 
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(5£ 2 ) 

Rtocexp (2x T ) ■ x={8 7C 2 m* ( <f> • E f ) °- 5 } / h 

*)Vt&tfiR t tl OkQ • (Mm) 2 Sg^jSMS ££ri£o L^b, 

&trCR t tt, 1 0 k Q • Um) 2 ^T> $ e»fC$f «1 k Q • Urn) 2 

g>K:> h>WJ7l3a, 3 bCQJ¥^T£ 2 nmHT, £ 5 L < 1 . 

5 n m£*T£T£ 3; Lt^o 

h>WJ7l3a, 3 bcDJ¥#.T£?*< -r&£ D> b>*;i/*63nR 

t &{&M-rz>Z.}itfT~i*Z-JjT^ illttI2a, 2b* c t^2ltti8a, 

£n£l£lfc-f h>WU7l3a, 3b<Z)J?^TteU D-^m 

^sm\z^vtcmm^s 2 o S2 0bn &mtiMMffii£*ftv, mim 

tt!2a, 2b<DUmt)<Dm5tf. &2m&m8 a, 8 b©«?&i7<fc0 
te%><k?\Zffif$,-£tlT^2>Zttfm%.V^o Mtfc&JlZte, HI1MH2 a, 2 b 
<E>«J&2>te, (5 0/4tc) Xl O' A/miOfc^f^ui^ItK. Wfc 

(100/4JC) X 1 0 3 A/mEJLt*T?**C£a*3*bV*. C^tS^t^j; 

0, li§ lfiB'&JI 2 a , 2 bfc^W-saft^lft^ffiftaiKMW^II^lK^©* 
§SStt5©SI»ltt Sit^S, g§U38*Ji2 a, 2b(t 5n 
m©Jf *-0 3A'JH^ (CoFe) frZfcZo ffifc* ^^con/l^h (C 

o) ^\ (C o P t ) , (N i F e C 

o) ^£SjHM£H2 a, 2 bte3SJB-rac£rt«flItn?fc*. »2»tt»8a, 
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8bll Won/Uh (Co) , Urt)lb$fc-&& (CoFe) > 3A* 

Jl/bfi^ (CoPt) > =Ly5-)im;'&& (NiFe) & 2> V>«- V 

(NiFeCo) 7&>&*J«£ft*. Sfc v »iattl2a, 2b*5<£ 
tfSB2«ttJf8a, 8b«^iH illttl2a ( 2bt^2lttl8 

a, 8 b t©«^|^^SV>fc¥ff*fcttS¥fTt^*«ffiT?ft^b*rs«fc5tC 

©4>&< tfe-fflSIRjRfcflXDffltyJz^KlMffibT^O, £©¥frgB#l 0 
»»»14a, 1 4b*J;^nnfc»«-r**2«ttJi 8 a, 8b#, *«*B 

tt-r^iBtsjituTati-r^. mviM&m4\$, - (n i 

F e) #6fc0, 4 a, 14b©«8*^ (10 0/4tc)x 

1 0 3 A/m&T©ttBBrtK::&V>T#l»'l4JB2 a, 2 b 0 fe/J\3 < 

fc5«k3fc*ri5£nTV>-5E£j&«3i;bV>. (10 0/4tc) X10 J A/mi£ 
«^.*«fc5«:fil«**Ctt, »a**OJi*lCjBH*r*»«McJ:D, TMR120' 
a, 2 0be#©*ftMUTU$5iiII6tt*«»S*6tf**. 3&fc v *l*« 
#14 a, 14b©««*#»l«tti2a, 2 b ©#8&# £ffi<fE*±£:fc:* t> 
fl^*«E#»*bT«flS@J£»£bT©l& llttl 2 a, 2 b ©ttfl;2rfllftSCfl3 
SttlSVi, BBtttSH^ ITOTMRlfl a, 1 bfi**l/Tl/*3*6'? 

tttctt, 2oooe*±-c»0> «k-o»*b<«6 o a o«±t*«- 

H»5*J:tX»&7 — F*6 V^nfe, 10nmJ¥©^*> (T 
i) <fc, 1 0 nmffOgffe^ > (T i N) £ 5 0 0 nmJlOTJ^ — # A (A 

nxv^o *&tfy h»5^«kt^»a , 7-H»6tt, 0y*.&> (a 

1) , m (Cu) &&X$$>tf7sT> (w) ©•5*»©il>^< tfe lld^^^d; 



WO 2004/088751 PCT/JP2004/004353 

21 

$£3 2 £«8t©ttttltfv biS£3 3i®#^C 1 O-ToIBRSnTV^. 

ttffilfy h*3 3tt— #©tttfilfy h«3 3 a. 3 3b^ftD, El© 
ifflHy h$l3 3 a tH(t|Hy ^3 3b £©«©««© 5 % , ttW7- H^3 

2 tXJ6T««*fcB1t-fe^l JOURW-Sn-C^*. El ET, —*t©«EttHfy h» 

3 3 a, 3 3bH -#C5'3yhW'f*-H7 5 a, 7 5b <«ffi) 
bt- 2*©if»Jlg&#2 0 a, 2 0biiliWlcSibt^5. — ^©^ffiy-F 
^3 2ii, »«Hfc£&^UTtBlft-li;i<l ©St«&Ji4 tt^CSibT^ 
3. — **©ttffllfv hi^3 3 a, 3 3bH ftlBft-feJHK^WS-^CTMR 
Ifla, 1 b©#*fcttffl*i«£fl:*&TS *>©"?»?>, -*©ttW7-H»3 
2tt, TMRlf la, 1 b©#*K^fcttffl*»E*SHfi^i*&< fc©T?&3c 
#ttffllfyh»3 3a, 3 3b<DM^fC«, ^nfnilBt'y M?lffi«S4 4 
a, 4 4b*»R*t6nTV»4. — ^ttfcH?- F»3 2 ©W*8fc«, ^tl^n 
ttffi7-K»9lffl*«4 3#RW-5ftT^S. ELELT, jfctti If v M* 3 3 

HJ<Z> r^l^^ttli^j fc^rs— A#«T*D, »Bi'7-H«3 2*«*Jfi«0 

^7 011 #6 glfC^LfcVII- VII mmmz&tt 2>£iU% |*l©|&r®#tJ&£ 

^^-H5a, 75b (£*T. #fc^t-H7 5 a, 7 5 b i-V> 9 . ) 
ttSnfcS#3 1 ©±fc, 2 0 a. 2 Obi, 3t4ft»&JB 4 

Il:MStl5J;5^SnTV^. E1E1T, ^t-K7 5aM5i«) 

rmi ©^SStiH^J -^^t-HSb*^ 

m<o r^2©^^^^j K*hfc-r*— ^#fln?*s. 

-W<t-H7 5a, 7 5bH !Etft-fc;H ©#Jfr 6 HfcSMtJi 3 6 a , 
3 6btXh!^ + v't;H3 7tM3 8t$f b, EtlS*«l3 6a, 36 
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b tXtf^^r'>^;VS 3 7 i ©MIC 5/ a v V l/T ^3 . ^ 3"-* 

F 7 5 a t^t- K7 5btH «»g&#2 0 a, 2 0b &J*^T?St#«ttJB 

So S1S3 8HnS->'j3>^i/\T3&5, -Jftfc, nfflS/'J 3>^xAfctt« 
(P) 0^tt*tt«^»SnT*tl, S«3 8£LTteU »©lB5»Kifc1Rfc«fcD 
n H Itft5TV^fe©Sffl^5. ^nC»t» Xtf^^>"WHg-3 7 
<S»ft*fe«*nTn- It&5<k5l:t2>. uCn- IfiftTS § X tf iS' * ~> 
^;Vl3 7^^&^S$ti3 6a, 3 6 b £ 21 £ £ «fc D > A 

> F^ £D\ J/ayh^-RIW^tlS. * & \z. -^O^-ft- 
K7 5a, 7 5 btt, *n^n«ttiB3 3T*^bTttWtfy h*3 3 a. 3 3 

^8i$#Ibt, #|l|M©^©^;*^U5*A^XK:mt3^ffi» 

omm^mt, B*t;n«®TMR*f u, ib^5ft5gi««a 

JlclT«> #BB*-fe;H©««©tt*ffit'*» TMRlf la, 1 b £ ' 
&tf3*«Ji#:S 2 0 a, S 2 0 b ^n^nc flit ft* flt (ttttitf y h«!33a, 
3 3 b^ettSfrS 2 0 a, S 2 0 b ©^-n^niClSfEAb, ^©ffitU?— 

^0S§5 6 B*-£tMfcffiHllfr©— ttmiHK©*Djgb#ffi:*C**#ffitt 
fcbIUSS8 0 (-, 8 On, 8 0-n+l. ■••) _ SifiSEl/tfiO, Mv bFttfalzm 

m\zmwznT^z> 0 wtttttuiKs o n y^7F vxt3-^0 

IS 5 6 ACHy 1-5*3— t*» 7 1 (-, 71 n, 71n+l, •■•) S^bTSSJS 
*n, 7 7 5 2 BfcY^filttfcH/B^-^A* 6 2S^lT»«anT^ 

So 

Bflt-fe-Mff 5 4 Kite, X^flftlCJttKftttWy— F»3 2 (-, 3 2m, 3 2m 
+ 1, -) t> Y#fflK38Itf*— *t©tttB£v 3 3 a, 3 3btC<kDTh 
U**tt©E*a*fe3*V"CV**. £I3tt-fc;H tt» -»©Rffllf9b*3 3a, 
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ft'Et-fe;nicmaifts2 0a ) s2 0b<o*n*n©-«^ i*f©^ 

^t-R5a, 7 5 b S^l/TttffiHy h^3 3 a. 3 3 b tl* ^ft 

1 

RBiX'fyf 8 3 (-. 8 3m, 8 3m+l, •••) fcttfcStU *-6K, 

3 — y0»5 8At*n-?ni7— H»7 2 (-. 7 2m, 7 2m+l, 
•••) HUT»«*nt*D, X^I^THWXx^-yilll^S 8 A*6©1R« 

^AtAA*n*t»ar*j:5ic«iri5«nTv^. %.nmmm 5 8 b mm? 

OTlf>yh^3 3a ( 3 3 b O— JBtt, ttffllf y H»9IW«*4 4 a . 44 

b^^UT-en^niz>xT>^nis§5 6 Bii^^ntfco, 

1 OtSttStU S-^&ttffliaK8 0 Kl^ViT— *#©lftWtfy h»3 3 a, 3 3b 

©M©*<efc££ttt>fc#* ^©MisfcJiMBTafcfB**?**^©^**- 

>XT>-/IiISS5 6 B«> ^n^tlffi^i^8 2 <-, 82 n, 82n+l, -) 

^2 EI*5a:tK^9 AH. IB9 BH&#fiRUT, Btt"feJHPfcfe»*« 
Jiftf^fc^^TWWr*- ^9 AS, ^9B0tt, JR5Hfc*tfcBtttMP 

*5#s»tfb#fa&*-r. <ab> m^'ii^4}co^T«a#^fpj ! feWitT^-r i b 
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1 4 a&J;tf|g2M:Ji 8 a©M#ft#-X#|Rj£&0, mMffitt 14b 

te^xmrnizmmttfoizmMfrz^fofr^x (+y^^j^) iMi^sn, 
mwm&m 4 <d 1*3 g& * n# m 0 #1$ izm.ffi.MR 3 4 m& * ^ u t « 

&*M#1 4 b£<fctfm2B&<l4JB8 b«#l^^-X^^ltft5. 

i9Ai, KS9 Bgj^e>BJ£^fti:5fc> ^tfcMiJ14£Ji:<»&t£>;/ hi^5 

k -^TMRlfla, 1 b 2 a&JS 8 a, 8 b ©M^ft^S 

^\zKM^^tf3i^xo\zmtt^<Dx^ z\n%mm-f%z\h\z& Dw3tfe-fc;p 1 
teu roj ru ©2««a*ia«-r*tt3&«T?*s©T»*. MAtf, 

S?|9 A^CDtffl, T&:bl3> — 2 8 S» 2 flfcttJi 8 a # 

£©*§£\ TMR$f 1 a , 1 bfc^V>Ttt, ^HttI2 a, 2b£gS2J& 
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&M8 a, 8 b £©JBfc:&ft#¥fTT?**i&*:*fc h>*;H»l*«*ft*ftia:R 
tf. Sat y >«I5 t»&«7- F»6 £©5R#fcra— #l*!©m«E&«E*r££fc«fc 

7- H«ii6 t^a:^-r«>»^^^iit^T^:#^fis^?gffi7&M#&ns©-e, <fco 

Sa*Wfc*aE«lf>S5pUffif * £ fcJ&«T#» »!Rli8tt®4©gS»a5^1 4 a, 14 
b43£tffB2 8ttJ18 a, 8 b ©«fls£Kte£**fc«>fci&gfcttift&«k 0 

<n;:t«f§ 1 tannin c^v^t, -*f©*»Ji&s 20 a, s 

2 0b£, S^fcfcJBMjWtfffl'TS.kSteMbfc©'?* 1 4 a 43 £tf 

^21M8 a \Z&VZ>mi\rfj$\t., 4b*5«fctf»2«teJS8 bfcfc 

t=k0, r o j ru ©2fltif^&lB1tt- -*f© 

«Jf#S 2 0 a, S 2 0 bfc^*UTiil««tt»4*^aK:«l!W-aJ;5Kllyfc©T, 
-^©TMRlf la, 1 b &&%,\Z.Mfct%> ui^T^^t*}:, fStft-fe;H 

£51;:, h>WJ7!3 tSMttl4©g»l 4£©IHIfcffi2 8tt 

#1 4 t»2«tt»8 fc©S!«l«S-&*»l*"r*2:t^flI1i6t^t)» *2©«««5 

j£Lfc«&5&"iItB£fc*. 4 ©«»#*£ 0*3 
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fr\z, mim, tB8Bfc«fctf#l 0AH*5«fctflBl 0BH**RSbT, fifcft* 

**f, ^1 ©BttfflfVlBlKffiS 6 fc*5fr*7 H 1^^5*3-^0115 6 Afc<fcD, 

^5 6Bt:iflfif^l^nS. »Hllfyh*3 3a-, 3 3bttt 

m««E39««n, TMRlfla, lblimil#S2 0a, S2Ob0#Ji: 
IE©«{fctf*-£S.&ft*. W«Kl#2©KIblW»llfca&5 8 *5 1* S X 2f fa 7 PI/ 

8 3tta«JR»t>S:D» j*tfc«Rffi7- H» 3 2 KRW*i«#»m, TMRi 
^la, lbmS«l#S2 0a, S 2 0 bittK^flfcftOttt^S 
tl5. bfoibt, Y^I^T H l/Xf 5 6 A^<k^X^l5l7 F kX.f 

3— ^HH£ 5 8ACioTllR$nfe 1 ^©fBtt-fe;!' 1 (C^fb. ttfcBte&g&WE 
ffi*«E&«E-rJlt*«T?**. £©Rffl*«EK:a£t*V>T, -*f©$il2i»/l 8 a, 

8 b©a<fb:#fa*ifeiHu aB*$nfcW«*tt*wrjit59«T?€r«. £ ct, r 

WlfyM3 3a, 3 3 b**60RW««*«— *f©^-f F 7 5 a, 75b$ 
aiflbfc«, Ett 1 KUfcAt* ± 5 Kt * C t MB "C» 5. uOiSCo 

#10 ah, ^iobsh Ei»-fe;n ©H3a«*0*H*c«b& , b©T*<&. 

il#S2 0a, S20b©*n*no»l»ttI2a, 2b©lftJl6]^a^ 

ep-e^b, i2itl8a, 8 b©*fc#fa****Bi , 'i?»bTV**. mii&teJB 
2 a, v>r n^fe^fa-fcHjesnx^*. h!ioaei«, $ 

9A0(:Mt5W»O, «^#S 2 0 aC*ViTilittI2 a t^2l 
&B8 aijWfx&»tffc:#fcJ£&?K -^©«H#:S 2 0 btiJ^T^lltti 
2 b <hS!2lS8&Jl 8 b t1fiK¥-ftfcmk-%fa£fcvTit>Z>. £©i§£\ »J1#S 
2 0 atfi£,1&&iW.m£fcQ , 8tJi# S 2 0 b fttfi&ftttffi i & 0 , fll&tf, 
roj !C*tJ6UTVs*. — £9BHfc»£-r*#ffi*e**f&l 0 BE©*-* 
fctt, ^1 0 AB©»"&£«]R*flc«JB#S 2 0 a#ESJfiRtt*B£fc!K ttJBft 
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S 2 0 b#te«Sfc«IB£fcoT*?K 0iJx.fc£, r i j £*MftbTV>£. £©£5 
&2«1t$gteU «®#:S 2 0a £3»J1#S 20b £ ©jgjfitf©:*:/jN*fcJJB U * 

5 0 1 ^^tfSB1i:-fe;i'^t"?-©^ailEll^^&^ ; &iHl^^^^^0^^^><> ^ 4 7 
BB*-fe;W5 0 1 ©$r®#t/&£Slt- lb ©-?&£. 
KI4 6H*«ktJtJB4 7HtewbfcJt«E«tt, -^Oil#S2 0a, S2 0b 
KftUT, -fe>XT>yiHS& 5 6BfcttK*H»fcli©^*-Fl 7 5 

13 1 fciRSnfe^ M 7 5 ©±fcJgj£Sn*£#K:» *©±1S*«— # 
©ttltilfy h»3 3 a, 3 3 b t&MZ *l* «k 5 K&oTV>*. £DJI#:tfH~teU 
BB*-fe;W5 0 1 &gfcj| 1 3 6THUT^t- H 1 7 5 ©#«Jf 136i 

fc#ffiKft£nfc-;tf©«l*»#2 0 a. 2 0b£**bTV**. d©-;fcf©i£ 
M#2 0a, 2 0 b#IIMK»ttM 4 OS* S 2 0 

a, S 2 0 b&JgJfcUTfcD, ^0-Wl#S2Oa, S2 0bMO» 

^ffiX-f 3m^M^b|3lt-fe;i/5 0 1 mfcfB1t3n&**R&« 

tlfc»^, KS4 6H*±t^»4 7H©it«E«Ttt, 09*.fcffB1S-fe;i' 5 

o im+ i *a3i-r*««n-*3taj:3«:ttiB*«oiaDa*««*i:*. 

H^t ! ^bfciiSI^R^IE^©^^iill^Ta5f o IftWKlt mXMs t>^7> 
7laJ!S§5 6 B^etaif y h 5^ 3 3 a^«EAbfctttfi*Stta*» MtBM^t 
LT»iK3*lTV>&WBttH:<fl'5 0 lm+.l ©^JlffcS 2 0 ateSEAb, £ £ 
*f f 5OTttl4§^LTiI#:S 2 0 b SliitS. £©©■£, ttffllfy 
hi^3 3 b £-fe>*7>:/lEll& 5 6 B^l^^oTittiSf S £ tte«koT 5 0 1m 
©SIJi#S 2 0b !ClflI*»'5atfi«aEi:'&»EbTb*5©T?»*. 

a, 7 5 bjWKtf5nfca£#3 1 ©±Kl, «Ji#S 2 0btMtti4i:«l 
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#S 2 0 a fcj&tJSfcEKSn* £5fcb, -#O«i#S2 0a, S20b^ 
bT— »©^-f 7 5 a, 7 5 b £3ltt*ttM 4 3 

{Cbfc. Z.n\Z&V, -MOiiftS2 0a, S 2 Q bfc«»*nfcKffl**0 
**««K±fcfcff** -^©ttffltfy b*3 3 a. 3 3bt-M©ilftS2 
Oa, S2Obt0Fli:> -MO^t-K7 5a, 7 5 b S*ft^nE«bfc 

ct^Tt. b o tt* m b *« niffi t & a . 

**Jfio»»©«^^ ; EU5 s /1-f Xtli — *t©ttffltf y MRS 3 a, 
3 3 b©&*#S$Bl*5£tf$&2<D»S#S 2 0 a, S 2 0 b KltttB*»E 

i>t$& hjtts. 

**jaw#»©a***U5*/vf xoimsh. ^t-nsa, 75b 
^sttenfcSfts io±ic> ©b#s 2 0 be>-g&£*rr mmmft2 oh*m 

^fSIgi, 4>fr< £*>3»JI3S#2 0 b£tt"5«fc , 3fcT««BteE4 B*JMb, 
ai#S2 0b©M^7t§Iii« T»ittl4BO±K, 
^Ltfii7-H^6SMt§Igi, COta7- F*6®±K:, ^« 7 
C&4t*bT*£t?y hU5 *&«7- H»6 h» 5 £#2V>fc¥ff 

S^^ , TS«JSA^->^XSi> tl/^->19SiM7D, 7E^ 

gt, m^ai4S4 0D±©, if^ S 2 0 b KMf&t 5 tf ISS^ 2 0 a § 
KttSdtfcJcOttJittS 2 0 a*JgJfcb, ii*S2 0a, S20b§ft^ 
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1 &mMV. uC^t" F 7 5 b£43tt3#M3 6 b <Z)±kHKJigB# 

JfcKl, XA^^^iaD^IHIoX, i AllC o F e 1^ & 7i§I 1 IttI 2 
bt7^5->)A (Al) JitSIBfc^-rs. C©7J^Z>)Ai4SttI 

$ s 2 o b ©inx*K:*5tt*#ft;&Bfr *fc*fc> ^>^;i/ 
(Ta) m&ote&**y7m mmm) zmizzstzisx*^. 

Jfcfc, W^^TEOS OEmmm3L^)V ; S i (OC 2 H 5 ) «) £J3V>T, C 
VD (Chemical Vapor Deposition ) S£BKL«k D£#&fc:3 <fc "3 fc, WAtf, HI 
fti/'j3> (S i O, ) 1 7 ASJ&jST*. £<£<E>13, mz-tt 

(1/rt) X 1 0 6 A/m©a# + T?2 5 0 < COtaffiTTT^-;U*ff Vi, SSI 
SBM4JB 2 b 0»>fb35riSl*0}£f*. 7 — — 0O*«CMP (Chemical 

Mechanical Polishing ) SlUiOiil 1 7 A©£iS©¥fi'fb&* dfc V>» 

^jsbb^2 o b©±M*@a^n^>. ssic jg&x/ty^'J >tffc£iz£omm 

fflfr2 0 b<75±M©?FM^I*^OI^Vife<D^, £%>«JI8B#2 0 b<D±® 

<z>-gB<tn)igB#2 o b tfrzmj&znzmmfts 2 0 b©7§*j£#— js» ^t-t 
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^11 (m^-ar-f) ^^^-T^o £<Z)<Z>*>> S130[^lfc<t5l:- 

ji±tci, s 2 o how>i$.m.m*m5&5 ^num^m^ - h 

bfefeo^l^frV^ 0y?Lk£$P3 (Cu) ^£&&«& , 7-Fi|g6£J£J&T£o 
^ S ft £ JR ■ * » * f 3 . 
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9(D«lB»»i:mA5K^ftfcai»*»<»ftK7DS^KI»Stfc 
Oft, ifflClot, W^.tfNiFelX/ty^f!:iD, < JBffcT 

bTfiJ^bfc^o^iaS^^Vi, ^20 0t^bfci;5(I. WAtfNiFe*>5 
fcS'PKHKtt^ S^MtS. #V>T% 7*hl/yXM3 0A^|S*bfc© 

<k3K:, CVDgff(:J:»3i*§I5<ka^J^iiS i 0 2 
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zmtC^O, T»«tti4Bt1'lfflIttl4Si:±«iattI4Ut*6a 

uw*kw<d r±OTtt)Bj jm*09t?&*. 

|4U(D±©, ^IS&S 2 0 b \ZttJ&-t2>faWlzmm&ft2 0 a*«lt*£ifc 
iDiI*S2 0aSMt?.. ST, l^ff/^CiD, ft 

H8B#2 0 a«^*r*«*^©«**«5«fc5fc. SfcWfcl^* W\°*- 

&ft2&&JI8 a t7;i/5-C7A (Al) ® t&M\zmtf(,?%>o H<D7)l'S.~V 
AI&®ttlt5otlc:«kDh>WJ7I3aS#5. SSKl, £©h> 
^AU71 3 a©±t, 0iJ*.fc£C o F e mfrbteZfS 1 2 a SXAy^ 

ffi£©/^->BMK*#TSISimttll2 a, h>WJ7!3 a&£tf|g2 
«M8 a*>5fcS«Ji«#2 0 a**tH£-tir*. ^nCiO, ±iittl4U 
©-g& 2 0 a £*>&»j£3:h.58tJi#S 2 0 a©JBfifc#— Jfc, 

tt^T, 8tJBffl5#2 0 a©±lca^Wfc7* h hJl 3 0 C&mmisTcO 

m 2 5 EIJC^Lfc.fc 3 «A.tfTEOSSffl^T, CVD (Chemical 
Vapor Deposition ) * 0 «k 3 fc, Ms^UriV (S 

i0 2 ) frbtzZmfcmi 7 CWl, 7*M/^M30C*U 

#V>T?, iil3 6attl#S2 0a ££«&Wfc6MftT*SM*Ji 3 6 T£ 
^t«&», ^2 6HKSl/fci5fc. |«|3 6afc#l6T6I«0-*K: 
K7*-^3 0Hl*KlJ«t5. JMfcWKte, i 8Xf v /l3H£«fc 0 , H7*- 
;i/3 OH l SMt5iSW©W*S5<k5Cl^«tl^^ W^->S 

3 6 al:It§Sti>yf>^^5. 
b:7#-;i>3 OH 1 &Mf&-rZ>®UDUi?7s brt*->*m4xVrz<D?>, $&2 7 
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BC^Lfcj;^ \Z, 1113 6 a tm#S 2 0 a (C 

u) 3 6 TSJ^jfrr*. MZ.it* l&ill 7 C (D ±\Zffil£MWl(D 

7* vvv* vm 3 oD*m${mz&i£Vft<D%, cu (i) ^^nnr-fe 

4) Fi3 2 t$«^tl WS^II 3 2 T^Mt§&*, ± 

fiUM'I4ll4U^*rf&-r^M^©-gB^^T*-;i/3 a^wk 
mxf'y/^iaD, lf7*-;V3 0H2$Mt5ITO©«^^S 
5&5\ZM$l&)lZ7* bVVT, bM 3 0 E£^J&Lfc<Z>l3, C 4 H 8 ^<£>£;S# 

t*7*-^3 0H2^MT5K©1/^ hA°^->^I^*bfe©^, !£3 0 
±WttJi4U«i:^ta'7-H^3 2 t§tit5,fc5^ 

e>&-3fg^Ji3 2Ti, mmv-bma 2 tzmfo-rz. cu en ^ 

- bU3 2 5i5i3i:±itioT, ^j^.«s i o 2 frzfczmmmi 7 E£ 

»&tfy bmbo&miQmzm&vy bmB\mmm4 2&&j$.v, mmv-bm 
3 2o#M^citH7 - bmm&nM4 3&mi&v, ts?>\zmm\fy bB3 3 

a, 3 3 bn&mffi^zMmVy bMB\BinM4 4 a, 44bWt5. 
J£Jl±K:«k D , IBHHs-iP l ^m^±)Vm 5 4 o^J&^-J&^T-f 
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**JS©^tB©»jS*«fcJ:ntf, 1 tSt^nfc^^t-h* 7 5 b© 

±lC«Jf#S 2 0 b©-gB£ft-r«Jig&#2 0 b£l*J&b, 2 0 b 

btc^j^-r«»^«lC«JlgB^2 0 a*WWZ>Zh\Z&K>mmfcS 2 0 a£?ML, 
$ ZlZZOmmft-S 20a £^-f F7 5 a t ^m^W^SE^I"^ J: 5 Lfc 

S. ffeto-fe, -^©WtHtTy h*3 3 a, 3 3 b t-M©WS 2 0 a, S 
2Obt0Fll: j en^tl^^n5a, 7 5 b £ d 

©fc*, ±>ZT>7M& 5 6 B*>S©iKffi*»£#*» Wt-H7 5a, 7 5 
b^bT J etl J ?ntl#S2 0a, S2 0b£IIbfc©-&, — ffcfcfcofc^ 
Wtt)14^*5^T-g-^bT»gm , 7-H^3 2fc«A-r*2:t^nI«iT»D» IE 

t?*, ^#=tu*c»Jftxe©fBii»<b*-H*2:fc««T?€r*. 

[i2 0*l0fl] 

13 1@~^3 5 A@^i^3 5B@S#IIT, #?£HJ§©fil 2 

3 2@lt fla«-fe;HH©4S^:»«H*T?*0, »4Bfc#*f*. ^3 3@lt 
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ms** mw.m&m 4 &n< mmiz&^Tmmfcs 2 0 atws 2 0 b 
^M©iBit-fe;n h-t»^3 1 0, ft 3 2m&&zt%i3 4m\z^vtc&o\z, m 

S 2 0 a tiMS 2 0 b £&m&W.n£fe^%^falz35^TKMzMQ&v 

bfc^T, ^32 i!:Sbfcck5t:, #&>7 

Ut, Jin5±aS*J:0tT»*a7-h*»6U, 6B**it*««»»6Tt 

E«-fe;nHte, jR««tt»4*jr<«a7-H»6*«fc^»aif ^ hits© 

W3W*W»c*f"r««MflfS 2 0 a, S 2 0 b ©«*tt«35*JI 121® 

CUT?, ft2|g&J;tfft3 5 AH$3<fctfft3 5 BHStMilT, #*i6©JBt& 
©83*-fe;HHfc*W-*»ii»fPfco^TlftWrs. ft 3 5AH*itf*3 5 B 
Htt, ft 3 1 0C^bfclB1S-t;H H©l^®$J&fc43tt5^&«iffi:£ft£Miffii& 
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fg3 5 Agj«> IBitir;n HftSifi , rssv>K:¥fT&*&tfy hiiS&itm 

S*^*wl/TV^. 8»14al3M2itti8a©lft 
X#|ftfcfctK 1 4 b*«k^2lttl8 bOMl^l^+X 

tg^sn^ift^oT (+Y^r^a^) ^M=JS4©i*igi$ftP#fh 

4 a*<kt(!l2lttl8 a<D«fti:2Ffija«+X#rR]£&D> 1 4b*«fctf 

Sg2fi8&Jl8 bODlftW-X^t^S, 
^3 5A0, IB3 5BH* i 6W6^3&J:'5IC, StttJKttJB 4 ft»< »&t£ y h 

Cf^, -^CDTMRifl a, lbfc*lt*»2«ttl8a, 8bOlft*l^' 

;hhi; roj r i j ©2*««&8Eirf* 

:Oi5l:, fc*V»T<b, ±J£l/fc**JfiO^I8tPI«©3&**« 

$36 AHit *mu(0Mm<DM&**v xte&vzm&±)i< i 2 1 p 

©P&rM;|St/& ft ^"T 0, ±fEfg 1 0ftl6©#ttK:*W-*f& 5 
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M\,*\zm&mz&mi&&?%&5\zffii&i<n?t&mffi.fti 4 a, 1 4b*i^ 

2lfl8a, 8b^^D« »»14a, 1 4 b tflgftttttJI 4 (D o % <D 

gmattJi 4 © 5 -s © £m*rf § «k 5 iz v fc *> © -e & & . 

^Jfifts 2 l a, s 2 l bte*m*flB««#ibTfe«1i&?-*cifc«k 
0a5 2«ttli8a, 8b^t<dt^l?f, |Bti-fe;H <k D *>fBf*^»JEd&©IBift 
tJH2 1PtfSi:t#TJt5. ^CT, ilM8 4a, 8 4 b j^fgBJ 

fiU Mtti2a, 2 b*5 8 4 a, 8 4 b © 

•ft*l*^ SViK:¥ffT»*Ht*«a*bV>. ^lltt!2a, 2btii 
g&#8 4a, 8 4 b ii(Dm^^> SV>fc¥frSfcttK¥fr©Ji*tBT?£Jfe£&: 
IC-T^fefe-r^^o XttttttJI 4 tt, #J*.fc£, :ivdr;H*<&& (N i F 
e) frS&D, &M#8 4a, 8 4 b tfelt5BrW®JI*^J^«2 0 n 
mTJ»*. * 6K:^iM#8 4 a, 8 4b©«l^]B, ( 5 0/4 7t) X10 3 
A/m£*± (1 00/4rt) X10 ! A/mPiT©«HTSf], fg 1 

S2©#m^<fcD ! fe/h$<^^J:5^^^$tiTV^Cl«h^M*LVi. (5 0/ 
4tc) X10 : A/m*|OffiIi]T?H gift ft* ft 8 4 a . 8 4 b KfcWSlftft; 

( 1 0 0/4 7C) X10 ! A/mSi^.U5)5:«^TH flf5i*-«IO**k: 

SSfc, liM8 4a, 8 4b©«IA*», £l»ttJH2a, 2b 

■|2a, 2 b<7>JS8te#fa£^b£-frTb;£V>> KttSl^t ITCTMRlf 1 2 
la, l 2 l bfc*tt*»tt©#ft;&JH<rt>&*Tr&*. 

£fc> EtttJH2 1PTtt, 8»8 4a, 8 4 b * E* 
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an, «*©B**tfc.3ft*. kt, aa*-fe;n 2 1 iz&vzm&mmz'o^T 

Sg3 6A^I«, TMR$f 121a, 1 2 1 b SSV^d^ff &«&fcf 

5t„ ^3 6 ABtt, TMRlfl 2 1a, 12 1 b fc£ V>T$E® KiS^*^ 
& 1$ ft" SOOTH:: it 3 4^4t5i^4SlTl/^. &tt 

4 #58&-r mm^s 4 a^M^isi^+x^^t^o, 

8M*»a-8 4 bOM^lRj^-X^lRjt^S. 

M»8 4a, 8 4 b<DfiBte#fltt£V>fc£¥fr £frD, 0 £fcte 1 £f2 

8 4 b*«aiJR«ttJB4K:*^*«5®«^T?**i*K:. «Jl#S2 1a, S2 1 
bfc#t**««ffl#£t'Tfeaitt"r*«k , 3fcb;fc. Z\<Dfrtb. $2«fl:JB8£# 
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V b1t$.5 Stttat£Jl4£:»<^fcfcV>T«Ji#;S 2 1a £M#S 2 1b 

*3fc*«>»MS©B1ft , feJl' 12 1 Hl?»^3 6 fc, »&*7 — Hi^ 

6 hi^5 IHtt«ttJi4ftJK««lC*ViTatJB#S 21ai 

^ji#:s 2 1 b t^m^w.m^w^t ^mz^xM^\zmr)^v &o \zmn 

KS3 6B0*ei9 5M<t5H, ^MJf 4£m<»&Ey h^5*3cktK» 
Si?- K$l6©^£^n£m^{tJ;D£T£M«fi L 3 4©#l*lk:fl£V^ — ft 
©TMR$fl2 1a, 12 1bfc*^S«2»ttI8a, 8 b ©fiStfb^ft^H 
V>teS*#^i:^* «fc 5 fc3Eflrrs©T!. £n&fUJH"r* C i»C J; OfBti-fe;W 1 

2iHl: roj ru ©2«««*IBlft"r*2:i*«T?**. 

^Cj;5il, #mfi©7^S8*t:t3^Tfc. ±fBfS3©£;KS©J&tB£:|i3#©3&*# t 
[»1~^4©*»©^«8©3E»«] 

^V*T, 13 7AH~»4 0H*#1UT, ±1231 1 ~B 4 ©^M©J^^©^ 

» #j t l- t ©»& ^ * u x a* -f it & n § amistft-fe )v \z -z> t j^t n hj f & . 
<«0J 1 > 

i3 7A0H fgl ©« ©«?*!© ttT©ett*l'2 
2P0i®M^tfeOtSl3, 19 AEIlt*tf£bTH5. ^3 7A|HT«, 

±eji i ©&n-©-M-a>ttft;t % u x it*.** ;v i (ip) 

«»JB5»«ai«« i tt»4©. , 5^©— a5^**ri6*r**3tt«^l 4 a, Hbi, ffi 
2HtI8a, 8bt*6&D, tt«»»14a, 1 4 b £ ft 2 ttttH 8 a , 8 

b t^n j ?ns^tt^wt^^5S'&-r§^5}t^bfe i fo©i?^^o £*ut 

*tU *ag^©IB»-fe;H 2 2 Ptt, ^3 7 AHKl^bfcAS It, |Bl&-fc;H 
(IP) ©$/&&tin*.T, MMW. -iSZlZ&mmftl 4 a, 14btJB2Itt 
18a, 8b£©IBfc\ :n6*IW»14a, 1 4 b 2 8 a , 8 b 
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fla»-fe;n 2 2 pft-f©TMRifi 22 a, 122b 

fr&fctK TMRff 1 2 2 afcM£»#S 22a^ TMRifl 2 2 b fcMSJS 
#:S 2 2 b ft-tn^n^bTVift. — *f©«JB#S 2 2 a, S 2 2bS«iM 

22a, 22btiWl4a, 14bi*5&0, «l»»2 2a, 22b 
tt, 8t#*ttJi4©«jfcS)«fc#M»tt**Ji9 a, 9bt, I2lttl8a, 8 

b£> h>WJ7!3a, 3bt, illttI2a, 2btS#UTV^. 

:©*ltttl*19a, 9bH mX\*> frr — Vl* (Ru) (Cu) fr£ 

fc£D«J*Sn*. #«^«J19a, 9 b #SSHJ3© r$gi©#« 

**^J©flB*Hr;H 2 2 PT(t g=a»#l 4 a, 14b <hSg2M:Jf 8 a, 
8 b t jdt^n^nKSIiftii^t 5 ^ t C «fc O , S«^14a, 14b©#* 
jjlfi ( 5 0/4 tc) X10 3 A/m^^-TrfeoTfe, SMffi^ 14 a, HbC 

45 w- & to 2? fa *w»sesu«iM¥ © j?- t <fc d a s n § t ^ •=> 

ttfc<£0, fllfcMt, ft (Fe) , NiFe, CoFe, Ni FeCo^itKn 

;t;i/h (Co) %fc«kDHl!R«ttJi4&*ri6-r*Jit^ , r*s. 

*2&1£j|8a. 8bH E««jrr*»#£fcD» K9&«tt»^fc <fc*S 
^tt»|ffclJ:D5feJfefl:*n*. ^2attJB8 a. 8b0«lt (10 0/4 
tc) X 1 0 3 A/mSXT<Dffi.®X*& ^llttl 2 a, 2 b t) fc* 

ggV>T, IB1S-fe;H 2 2 PfciWtaifffcO^TRIflt*. 

# s & >7 - f iK 6 id > s fc i^— ^^iri \zm&nffiibmnz> rn.it izmj& ltv^. 
t (+y^ip]^) m&nm*mn, m&m&m4(DM&E.mmmQijmzMifc 

MRS 4^t5^S*l/T^5. JKOW'&tt, g§2fl£ttJi8 a ©M^ft 
ttiSSfcTMR^l 2 2a t^V^TJlffi® ft^W^Ift^o T 
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m&Ktn*.. Mttl4©iiMl4a, 14btt2Hti8a, 

8bt«)Fli:^n#lttlii9a, 9 b&^rf 5i5i:tfc. 

£K«kD, «tt«5#l 4 a, 14btl2lttl8a, 8 b 

ItlTOiWHa, 1 4 b«J;^2ifl 8 a, 8b©I{bWa 
$n*21i:fc< ±D5fc?rrs. JinteJnA. ±IB«JfcK:«fc0»ISaB#l 4 a, 1 
4bO§I*SJ;0/h$<ffll^Si:i:^tS. Vfrtf-oX. m^m^miz^ 

^14 a, 14bi^Sni»^i7cif^2itl8a ) 8 b MfcifcbT^Kj 
-f£<£>£. ^Ht»lI9 a, 9b$iit§J:tl:<kDlIt§ut^T-t§o 

<»0iJ2> 

±fB^2(O^MO^^©a^ 1 ^ ; 6U-T ? AMX^*5^^i3ti:-fe;i/l (1H) 
J£0iJ tit, 813 7 B0lc:|Bti-fe;H 2 2 H<E>®r®#tJ&£^1". IB 

fttJH2 2H«, i3 7B0f:*lfc<}:5i:« SBUft-fcJH (1H) (DjftJ&KiJn 
*.T> 111^, 4 a, 14bt^2H4I8a, 8b£©K 

fc, Jine.^i^§15^ 1 4 a, 14bt^2lttl8a, 8 b £ ^n^fiK^m 

-14118 a, 8 b h*mJ]tefc&M&1&&*&f8.-?Z>V>X. ^WC, ^0^1 
<^J£0IJ3, 4> 

fg3 8AI3Ki, ^3 0Hifi©^giOW^J («0O3) tbT©fB1i:-fe;H 2 
3 P(D®r®#t/&£^t-fc<£-efcD> ^3 6A0fc^bT^S. ^38B 
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±SB»3*«fct)t»4 0^«fi©^J8fc*^*fBlt'fe;i'l 21P, 12 1 Hfc^£ 
n^l*S2 1a, S2 1b«, iIM8 4a, 8 4b«tD^fM* 
Stt58l8ttI2a, 2 b Sfi^feTOSlt i^nSlilTfeS. -tl 
KlttL, ^3 8 AH, ^3 8 BHfcjSbfciB«-fc;H 2 3 P, 1 2-3HKW 
i§#S2 3a, S2 3blt K9S»ttIt©Xft»^tJ:0*littl2 a, 

fl#S2 3a, S2 3btt, Htt«ttJi 4 ©ffl# SJBIC h 
;W1'J7l3a, 3bt, ^littl2a, 2bi, ^3lttil5a, 15b 
£&^TbTV>*. ^3lti 15a, 15bH Mtt^tlT^D, 
1£Jf2a, 2bfc£SMBSftUHfc«fc0»l*ttJi2 a, 2b©iTO$0^t 
SJcSKlfclJBb, «it«, 6&V>#><&& (PtMn) , 'f'J^AT^ 
(I r Mn) , $cT>#> (F e Mn) > — y *r)V* ># > (N i Mn) * 

fcfct;i^-£A*?>#> (RuMn) *oRa»tt#»i:J;Di/«sn*. 

iOi^C, £3#fcl 3 43«fctf3ej80!l 4 T?tt» «JI#S 23a, S23b#, ±" 
|B*2£&tt*3©*K©»*©*Jfcfcln*., ££1::, ^lltt!2a, 2b© 
h>WJ7l3i:tt£Mfilfc, »l»1£B2a, 2 b £3Sf&il§£- b fcS3£a 
14©^3ittll 5 a, 1 5 b*E«*r*<fc'3ICbfc. C^tSCtCiO, £ 
llftl2a, 2 b©a<b#ft£<£ D2^bT@5£-?# £>©-?> »Htti2a, 
2b©^ifiS^* (5 0/4 7t) X10'A/m*ftl:tfei^aoTfe, 

gu^s 4 a, 8 4 bfc*tts«ft^^«aa«i^*©^iSfe«*^«fcoa* 

<«0iJ5, 6> 

8 3 9 AH;feJ:tfSB3 9 BH*#R8bT, ±flB* 3 *«fc^»4 ©^KS© 

Sg3 9A|3te, ^3©^l©fI©i©WJ («#J5) tbT©f51t-fe;P 
1 2 4P©i®M^tfe©l?*D 1 1313 8 ABfcSHHbfcttJ«&&bTV>*. 
— £3 9BHtt, Sg4©3feifc©J£tB©fl&©SE»0!l (^7#0>J6) <hbT©IBH 
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ff§3 9 AM, 139 ^38AS, ^38 B@llilfci^i 

»t;H2 4P, 1 2 4HH*3^5«l#:S2 4a, S2 4btt, Kmit 
<Z>32ifeS£'&K:<fc DS§ 1 i&ttJl 2 a, 2 b0HWln]SBSt?>5i;H7Xai: 
«k«tl-5»jSSMUTViS. fit, |B*t;H2 4P, 12 4HI1 8BttHz;H 

2 3P, i2 3Htttsao, ^)ioMgi^]i-c ! «^< ; i ! «mii^^^^~>>-fe 

il#:S2 4a, S2 4btt, SMJHKttJl 4 IB h 

;W1U7JB3a. 3bi, SyAPl35a, 35bi, KMH£©fS 3 Mttii 
15 a, 15 btitlT^S. SyAPB35a, 3 5bH 5l^tt® 4 <D 
ffi*6JBt«l»ttI2a, 2bt, #att*M16a, 16bt, ?g4tt& 
il8a, 1 8btAtiI$tlfciitaotU5. 6 a, 16 

bwu 09*.*** miz&vffif&znzo *48ttii8.a, i8bn m 

(F e) , NiFe, Co F e, NiFe Co$fclt3A';kh (Co) «fc«fcD 
a^^tl> #l»teJB2a, 2btK»»tt»^l/TVi«. - 
|16a, 16btt, *58WK:*WS r^2 0«ttitlJ CMfS- 

tt±©±5fc, »0>J5, 6Tlt »l#:S2 4a ) S2 4bA«, ^n^n> 
f Hti2a, 2 b© h >^^A'J 71 3 tttSMiH^ #«te»*JB 1 6 a , 
16bi, i4lttll8a, 18bt> ^3ittI15a, 1 5 b £. &0C« 

fc^4H4I18a, 18billlttl2a, 2biia^T^t§» 
3&*BH»l&£JBjfc"r*©*C» illtlTOSTOHa, 1 4 b ^ 13 

<«#J7, 8> 

»4 0 ABS*J;rX»4 0 BH&#R8bT, ±IB* 1 *«k«» 2 O^JIS© 
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i4OA0, ^4 0 Big^bfcfc-Sfc, »0iJ7 , 8 ©fBUfc-feJH 2 5 P, 
12 5HfcW«l#S2 5a- S2 5bH X«;H77at-J;«n*i» 
*tt*t»fc» SyAPl35a, 3 5b&tt*-TV>*. Jl "5 d t fc<fc D , 
SVifcS3ft«ttlS'&bfcSB4«ttJB 1 8 a, 18btillttl2a, 2bit: 

^14 a, 1 4 b fe<fc^ 2 bT©^ 2 IttI 8 a , 8b^0l^ 

®|gD3i**«l*J-r*ia:*«T?€r*t*lC> IlbH)IIi:tT0^1Itti2 a, 

±HB©ttlBU*5«fctftttt2 ©««j* : eU5 s n-f *fc"^V>T» MR it, TMRl 
»Ht**fcl>fc. c©»**, «i-fc^*t**JS.«i*«l*«ite.*f 

«U^16'W2^ttfBt2lC^-rStt*T?»*. *|t©it*SE©fc«>» ^4 4 

TSlCflBbfco &$3, ifti]^R#©ep«*« (5 0 0/4 *) X 1 0 3 A/m 
tb'fc, »4 4HKl^Ufcit«^tLT©IBlt'fe;V'tt> l^©TMR$f 120 
fcH^T&O, v h»l 0 Ste&Zfim&y- H«l 0 6 SHS <fc"5fc8tJ|* 

«ttJB»£<«*.TV>fc:V>'b©T!*3. 
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"a magnetic memory cell comprising first and second multilayer bodies each 
including a magnetosensitive layer and an annular magnetic layer penetrated 
by conductive wires". 

However, this technical feature cannot be a special technical feature since 
it is disclosed in prior art document JP 2002-353415 A (International Business 
Machines Corp.)/ 6 December, 2002 (06.12.02), (Continued to extra sheet.) 

1 ■ \Z2 As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2 - CD As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of 
any additional fee. 

3. [^} As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4 - QD No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1,2 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

□ No protest accompanied the payment of additional search fees. 
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page 4, right column, line 27 to page 5, right column, line 22, and 
Figure 3. 

Therefore, there exists no special technical feature so linking the 
group of inventions of claims 1-50 as to form a single general inventive 
concept . 

It appears that the group of inventions of claims 1-50 do not satisfy 
the requirement of unity of invention. 

Considering the specific modes of the inventions of the independent 
claims, the international application contains three groups of 
inventions : the inventions of claims 1-20; the inventions of claims 21-48/ 
and the inventions of claims 49, 50. 

Concerning claims 1-20: 

The group of inventions of claims 1-20 are linked only by the technical 
feature "a magnetic memory cell comprising first and second multilayer 
bodies each including a magnetosensitive layer and an annular magnetic 
layer so disposed that the axial direction is parallel to the multilayer 
surface and penetrated by conductive wires". 

•However, the technical feature is disclosed in the above mentioned 
prior art document. Therefore, considering the specific modes of the 
inventions of the claims, the inventions of claims 1-20 are divided into 
eight groups of inventions: the inventions of claims 1, 2; the invention 
of claim 3; the invention of claim 4; the invention of claim 5; the invention 
of claim 6; the inventions of claims 7, 8; the inventions of claims 9-16; 
and the inventions of claims 17-20. 

Further, the unity of invention about claims 17-20 will be examined. 

The group of inventions of claims 17-20 are linked only by the technical 
feature "a magnetic memory cell for detecting information according to 
the currents flowing through the first and second multilayer bodies". 

However, the technical feature is disclosed in the above mentioned 
prior art document. Therefore, the inventions of claims 17-20 of the 
international application are divided into two groups of inventions: 
the inventions of claims 17-19; and the invention of claim 20. 

Consequently, the inventions of claims 1-20 are divided into nine 
groups of inventions . 

Concerning claims 21-48: 

The group of inventions of claims 21-48 are linked only by the technical 
feature "a magnetic memory device comprising a first write line and a 
second write line crossing but not connected to the first write line". 

However, the technical feature is disclosed in the above mentioned 
prior art document. Therefore, considering the specific modes of the 
inventions .of the claims, the inventions of claims 21-48 of the 
international application are divided into 13 groups of inventions: the 
inventions of claims 21, 22; the invention of claim 23; the invention 
of claim 24; the invention of claim 25;. the invention of claim 26; the 
inventions of claims 27, 28; the inventions of claims 29, 30, 43, 44; 
the invention of claim 31; the invention of claim 32; the invention of 
claim 33; the inventions of claims 34, 38; the inventions of claims 39-42; 
and the inventions of claims 45-48. 

Further, the unity of invention about claims 29, 30, 43, 44 will be 
examined. 

(Continued to extra sheet.). 
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The group of inventions of claims 29, 30, 43, 44 are linked only by 
the technical feature "a magnetic memory device for detecting information 
from a magnetic memory cell according to the current flowing through 
multilayer bodies''. 

However, the technical feature is disclosed in the above mentioned 
prior art document. Therefore, considering the specific modes of the 
inventions of the claims, the inventions of claims 29, 30, 43, 44 of 
the international application are divided into two groups of inventions : 
the inventions of claims 29, 30; and the inventions of claims 43, 44. 

Further, the unity of invention about claims 34-38 will be examined. 

The group of inventions of claims 34-38 are linked only by the technical 
feature "a magnetic memory device comprising a first magnetic layer where 
the magnetization direction is fixed and a second magnetic layer serving 
as a magnetosensitive portion". 

However, the technical feature is disclosed in the above mentioned 
prior art document. Therefore, .considering the specific modes of the 
inventions of the claims, the inventions of claims 34-38 of the 
international application are divided into four groups of inventions: 
the inventions of claims 34, 35; the invention of claim 36; the invention 
of claim 37; and the invention of claim 38. 

Further, the unity of invention about claims 39-42 will be examined. 

The group of inventions of claims 39-42 are linked only by the technical 
feature "a magnetic memory device where a pair of magnetosensitive layers 
constitute a part of annular magnetic layer". 

However, the technical feature is disclosed in the above mentioned 
prior art document. Therefore, considering the specific modes of the 
inventions of the claims, the inventions of claims 39-42 of the 
international application are divided into two groups of inventions: 
the inventions of claims 39-41; and the invention of claim 42'. 

Therefore, claims 21-48 define 18 groups of inventions. 

Consequently, the international application contains 28 groups of 
inventions not satisfying the requirement of unity of invention. 
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